INTRODUCTION
In order to improve the breeding and hatchery production of fishes, it is necessary to study the osteological development of fish larvae and juveniles so that early-stage skeletal deformities in hatchery fish may be identified and controlled. Such data can aid not only in species identification but in recognition of the osteological characteristics of adult fish, through in-depth and systematic studies (Koumoundouros et al., 1997a,b 2 ; Park et al., 2014; Park et al., 2015b) . Moreover, as fish undergo extreme morphological, physiological, and behavioral changes before metamorphosis from the larval to the juvenile stage, detailed knowledge of the osteological development can ensure that the best techniques are adopted for breeding and hatchery operations (Koumoundouros et al., 1999) .
Red spotted grouper (Epinephelus akaara) belongs to the order Perciformes, family Serranidae. It is found along the southern coast of Korea, including around Jeju Island and near Japan, China, and Taiwan . Fish species belonging to the Serranidae family have high commercial value; therefore, many studies have examined their ecology and sought to develop good techniques to breed and rear them in hatcheries (Park et al., 2016b, c) . Studies of red spotted grouper explored maturation and sex reversal , prey , feeding period , changes in egg quality , spawning behavior and early life history (Ukawa & Higuchi, 1966) , and egg development and morphological development of larvae and juveniles (Park et al., 2016a) . The osteological development of fish has been studied in spotted sea bass However, studies on osteological development in red spotted grouper larvae and juveniles have not been conducted.
Therefore, it is necessary to gather basic data on skeletal deformities that frequently occur during breeding and growth in hatcheries (Kim et al., 1993; Han et al., 2001; Lee et al., 2001; Myoung et al., 2001; Kang et al., 2012; Park et al., 2015b) .
Recent studies on breeding and hatchery technology for fish species in the Serranidae family have shown that the biggest problem is skeletal deformities which occur during cultivation. The same phenomenon occurs in convict groupers, which belong to the same family. Accordingly, in the present study, we observed the osteological development of red spotted grouper larvae and juveniles to obtain basic data on development and deformities for use in phylogenetic systematics research and to aid in species identification of larvae and juveniles.
MATERIALS AND METHODS

Rearing of larvae and juveniles
Red spotted grouper larvae and juveniles were obtained 
Sampling and skeletal staining
Immediately after hatching, 5 individuals were randomly collected every day. The samples were fixed in 5% neutral formalin and stained according to the double staining method by Walker & Kimmel (2007) , then preserved in 0.1% KOH and 50% glycerol. Stained samples were observed under a stereo microscope (Nikon SMZ800, Japan) and sketched accordingly. Identification of each skeletal component of larvae and juveniles followed Park et al. (2015b) .
RESULTS
Observations on the osteological development of red spotted grouper larvae and juveniles were made following the division of the skeletal structure into cranium, visceral skeleton, vertebrae, pectoral girdle bones, caudal skeleton, fins, and pterygiophores.
Cranial skeleton
The cranial skeleton consisted of the cranium and visceral skeleton. The osteological development process according to growth stages was as follows (Fig. 1 , Table 1 and 2).
Freshly hatched fish larvae had not undergone any ossification, but ossification of the parasphenoid bone, which forms the base of the cranium, occurred as the juveniles reached an average body length (BL) of 2.49 mm.
In addition, ossification of the preopercle and opercle occurred in the operculum, and ossification of the maxilla, which forms the upper jaw, and the dentary bones, which form the lower jaw, began (Fig. 1A) . (Fig. 1D ).
When the juveniles reached an average (BL) of 14.9 mm, ossification of the exoccipital, opisthotic, and mesethmoid bones occurred in the cranium, while ossification of the supramaxillary bone occurred in the jaw (Fig. 1E) . pmx, premaxillary; q, quadrate; soc, supraoccipital; sp, sphenotic; sop, subopercle; sor, suborbital; spm, supramaxillary; sy, sympletic. Scale bars = 0.5 mm.
When the juveniles reached an average (BL) of 20.9 mm, ossification of the basisphenoid bone in the cranium and the suborbital bone in the orbital region occurred, which completed the skeletal structural ossification process (Fig. 1F ).
Caudal skeleton
The caudal skeleton was composed of a caudal complex consisting of vertebrae and bone fragments (Fig. 2 , Table   1 ). No ossification had occurred at all when individuals had an average body length of 2.49 mm and the urostyle had a curvature of 45° ( Fig. 2A) .
At an average (BL) of 3.44 mm, ossification of the At an average (BL) of 3.98 mm, ossification of the neural and hemal spines began, and ossification of a single parhypural bone and caudal bony plate on the upper part of the urostyle had occurred (Fig. 2C ).
At an average (BL) of 5.22 mm, ossification of the first epural bone had taken place, while ossification of uroneural bone occurred on the end of the urostyle and the fifth hypural bone (Fig. 2D ).
At an average (BL) of 14.9 mm, ossification of the second epural bone had occurred (Fig. 2E ). When the average (BL) reached 20.9 mm, ossification of the third epural bone had hs, hemal spine; hy, hypural; ns, neural spine; ph, parhypural; uro, uroneural; us, urostyle; v, vertebrae.
Scale bars = 0.5 mm.
occurred, at which point the ossification process was complete and the fish was an adult (Fig. 2F ).
Pectoral girdle bones
The pectoral girdle bone, which supports the pectoral fin, supports several membranous bones and is joined to the cranium by the posttemporal bone (Fig. 3 , Table 2 ).
At an average (BL) of 2.49 mm, ossification of the cleithrum began (Fig. 3A) . At an average (BL) of 3.44 mm, ossification of the supracleithrum occurred on the upper part of the cleithrum, which joined with the posttemporal bone, and ossification of the ventral post cleithrum also occurred (Fig. 3B) . When individuals reached an average (BL) of 3.98 mm, ossification of the first ventral post cleithrum began (Fig. 3C ). When they reached an average (BL) of 5.22 mm, ossification of the coracoids and supraposttemporal bones occurred and the pectoral fin rays differentiated (Fig. 3D) .
At an average (BL) of 14.9 mm, ossification of the scapula and 4 actinost (radial) bones occurred, which completed the cleithrum development (Fig. 3E) . 
Vertebrae
The ossification process of the vertebrae occurred as follows (Fig. 4 , Table 3 ). When individuals reached an average (BL) of 2.25 mm, ossification of the abdominal vertebra had not occurred and the urostyle showed a curvature of 45° (Fig. 4A) . At an average (BL) of 2.49 mm, ossification of 7 vertebral centra and the neural spine began in the abdominal vertebra (Fig. 4B) . At an average (BL) of 3.44 mm, the number of ossified centra in the abdominal vertebra increased to 9, and ossification of 6 caudal vertebrae, together with the neural and hemal spines, occurred ( Fig. 4C) . At an average (BL) of 3.98 mm, the number of ossified centra in the abdominal vertebra increased to 13 and ossification of the urostyle began, while parapophyses were formed from the first to the ninth abdominal vertebrae (Fig. 4D) . At an average (BL) of 18.5 mm, the number of centra increased to 15 (Fig. 4E) , and at 20.9 mm, ossification of the long pairs of 7 ribs occurred from the third to the ninth abdominal vertebrae (Fig. 4F ).
Fins and pterygiophores
The ossification processes of the interneural spine, which supports the dorsal and other fins, as well as the pterygiophore and interhemal spine, which supports the anal fin, occurred as follows (Fig. 4, Table 3 ). The number of rays in the anal fin reached a fixed number on the 46 th day after hatching, at an average (BL) of 20.9 mm, at which time the development of the procurrent rays was complete, with 8~9 on top and 9~10 on the bottom. On the 15 th day after hatching, when the average body length was 3.98 mm, the second fin spine grew longer than the first fin spine. The fin spines shortened to display a form similar to that of an adult fish on the 46 th day after hatching, at an average (BL) of 20.9 mm. A pair of rays appeared on the as, anal spine; dp, dorsal spine; hs, hemal spine; ihs, interhemal spine; ins, interneural ns, neural spine; pp, parapophysis; r, rib; us, urostyle; v, vertebrae column. Scale bars = 0.5 mm.
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ventral fin on the 15 th day after hatching, when average (BL) was 3.98 mm. Of these two rays, the first ray grew long; then, on the 46 th day after hatching, when average (BL) was 20.9 mm, this first ray shortened and the fish's form resembled that of an adult fish. The anal fin completed its development on the 46 th day after hatching, at an average (BL) of 20.9 mm, with the appearance of 3 spines and 8 rays. Ossification of the pterygiophores began on the These data clearly show that there are interspecific differences among fishes.
In red spotted grouper, a single hole is formed in the scapula, which is one of the skeletal structures that support the pectoral fin, a typical trait among perciformes (Koumoundouros et al., 2001b; Park et al., 2015b) . Fish species in which a hole forms in the scapula include perciformes, such as convict grouper (E. septemfasciatus; Park et al., 2015b) , red seabream (Pagrus major; Matsuoka, 1987) , crimson seabream (Dentex tumifrons; Koumoundouros et al., 2001a) , and spotted sea bass , as well as scorpaeniformes, ), scorpion fish , black rockfish (Sebastes schlegeli; Kim & Han, 1991) , and Korean rockfish (Park et al., 2015a) .
This trait also appears in other phylogenetic groups, including beloniformes, narrow tongue flyingfish (Cheilopogon heterurus; Dasilao & Yamaoka, 1998) ; tetraodontiformes (Balistes capriscus; Matsuura & Katsuragawa, 1984) ; and freshwater cypriniformes including Korean spined bittering (Acanthorhodeus gracilis; Kim & Kim, 1998) . Therefore, the formation of a hole in the scapula is not exclusive to perciformes.
The operculum of red spotted grouper underwent ossification of the preopercle and opercle at the same time, followed by ossification of the interopercle and subopercle. This pattern of osteological development is consistent with yellowbarred red rockfish , scorpion fish , black rockfish (Kim and Han, 1991) , and darkbanded rockfish (Kim et al., 1993) among scorpaeniformes. Moreover, the same pattern was apparent in other fish species, such as golden mandarin fish (Myoung et al., 2001) , spotted sea bass , narrow tongue flyingfish (Dasilao & Yamaoka, 1998) , red seabream (Matsuoka, 1987) , flathead goby (Luciogobius guttatus; Kim et al., 1992b) , and greater amberjack (Seriola dumerili; Liu, 2001 ).
The Korean rockfish undergoes ossification of the preopercle first, then the opercle (Park et al., 2015a) . In contrast, ossification in shad fish (Ilisha elongate; Han et al., 2000) occurs first in the opercle, then the interopercle, then the preopercle.
These data indicate that there are interspecific differences in osteological development of the operculum among fishes.
The vertebra of red spotted grouper begins ossification with the formation of 7 centra at an average body length of 2.49 mm. Ossification progresses in the direction of the caudal vertebra in the abdominal vertebra. This tendency also appears in shad fish (Han et al., 2000) , Japanese halfbeak (Lee et al., 2001) , mackerel pike (Cololabis saira; Fujita & Oozeki, 1994) , and panther puffer (Han et al., 2005) . Therefore, the direction of the ossification of centra does not vary significantly between fish species.
Before all of the centra had completed the ossification process in red spotted grouper, ossification of the urostyle began, a pattern that was also seen in oblong rockfish (Byun et al., 2012) , grass puffer (Takifugu niphobles; Fujita, 1992) , mackerel pike (Fujita & Oozeki, 1994) , shad fish (Han et al., 2000) , and spotted sea bass . In contrast, convict grouper (Park et al., 2015b) and golden mandarin fish (Myoung et al., 2001 ) showed a different pattern in which ossification of the urostyle was completed only after ossification of all centra was complete.
In red spotted grouper, the neural spine developed as ossification of the centra progressed; subsequently, development of the hemal spine occurred. In contrast, Korean rockfish (Park et al., 2015a) , oblong rockfish (Byun et al., 2012) , mackerel pike (Fujita & Oozeki, 1994) , and grass puffer (Fujita, 1992) completed ossification of the neural and hemal spines before ossification of the centra had completed.
Regarding fin development in perciformes, the posterior dorsal fin and anal fin generally develop before the anterior dorsal fin develops (Johnson, 1984; Faustino & Power, 1999) .
Red spotted grouper showed a development pattern typical of perciformes, in which the pterygiophores, which support the fins, developed after ossification of dorsal fin had begun.
Ossification progressed in a characteristic anterior to posterior direction. Moreover, just as in common carp (Cyprinus carpio; Itazawa, 1963) , red seabream (Kohno et al., 1983) , and northern snakehead (Channa argus; Itazawa, 1963) , ossification of pterygiophores in red spotted grouper occurred later than ossification of the vertebra and fin rays. At this stage, ossification of the vertebra and fin rays had been completed for the most part. This ossification appears to play a role in increasing momentum when the fish swims (Lee et al., 2001 ). grouper (Park et al., 2015b) , oblong rockfish (Byun et al., 2012) , yellowbarred red rockfish ), scorpion fish , and darkbanded rockfish (Kim et al., 1993) before ossification of the tail area was complete, whereas ossification of the urostyle began in black rockfish (Kim & Han, 1991) after ossification of the centra had been completed. These data represents a noteworthy difference between fishes.
The union of the hypural bones provides very important basic data for phylogenetic systematics studies. Red spotted grouper gives the appearance of 2 hypural bones (1 + 2 + 3, 4 + 5), while convict grouper (Park et al., 2015b) , which belongs to the same Serranidae family, has 3 hypural bones
(1 + 2, 3, 4 + 5). Japanese halfbeak (Lee et al., 2001 ) shows a union of 3 hypural bones (1 + 2, 3 + 4, 5), along with oblong rockfish (Byun et al., 2012) , darkbanded rockfish (Kim et al., 1993) , black rockfish (Kim & Han, 1991) , and yellowbarred red rockfish . Meanwhile, the Carangidae family of fishes (Kohno, 1997; Liu, 2001) shows a union of 2 hypural bones (1 + 2, 3 + 4 + 5).
Therefore, various forms of bone union are seen among different fish species.
Observation of the osteological development process in fish larvae and juveniles is very important because it can aid in identifying the sources of skeletal deformities in fishes. Close scrutiny of each skeletal region during the rearing period is necessary. Deformities in red spotted groupers were seen in the vertebrae, pterygiophores, and fin rays, and some hatchery-reared juvenile specimens showed deformities in the maxilla and premaxilla (Fig. 5 ).
In the Serranidae family of fishes, deformities in the form of curved premaxilla and vertebra occurred in dusky grouper (Epinephelus marginatus; Boglione et al., 2009) Therefore, in order to identify the causes of deformities in hatchery-reared fishes with in case of this study, it is necessary to carefully study the rearing of fish larvae and juveniles in hatcheries, including the care of female fish, feed, and the water environment.
SUMMARY
In the present study, we observed the osteological deve- 
